Introduction
============

Dung beetles (Coleoptera: Scarabaeoidea: Scarabaeinae) are detritivores and mainly consume mammal dung, although some may eat dung from other animals and even from such distinct sources as carrion, fungi, and rotten fruit ( [@R14] ). Their feeding behavior is important for the ecosystem because it improves the quality of the soil (nutrient cycling, improved aeration, and water permeability), increases the secondary dispersal of seeds found in the dung, and reduces the populations of flies and worms in agroecosystems (reviewed in [@R34] ). Over the past 20 years, dung beetles have been used increasingly as bioindicators because of their accurate response to environment modifications; they are also an easily-sampled (at low costs) and well-known taxon ( [@R9] , [@R11] ).

This group has received a great deal of attention in ecological studies conducted in tropical wet forests in the Neotropical region ( [@R10] , [@R31] ), but the same is not the case for tropical dry forests ( [@R2] ). Tropical dry forests comprise vegetations that experiences six months of drought and are strongly seasonal ( [@R32] ); Brazilian Caatinga falls within this formation.

The Caatinga biome is composed of xerophytic and deciduous vegetation that extends for ≈735,000 km ^2^ over the northeast region of Brazil ( [@R23] ). It experiences eight months of drought, with four mounths of rain usually concentrated in the winter, an annual precipitation ranging from 700 to 1,200 mm (in the most humid areas); average annual temperature varies between 26 and 28°C ( [@R5] ). This biome is highly endangered because of human activity ( [@R21] , Li and Zhang 2000).

Rainfall seasonality is an important factor in dry forest communities ( [@R32] ) and, because dung beetle activity in tropical regions is often synchronized or maximized in line with rainfall ( [@R15] ), it is expected that rainfall plays a major role in year-round species abundance. One pattern that has clearly emerged from the few studies of dung beetles in tropical dry forests is the drastic change in community composition from the wet season to the dry season, with a sharp reduction in species richness and abundance during the latter ( [@R2] , [@R17] . [@R33] , Liberal et al. 2011).

Water deficit imposes changes on the dung beetle community in two ways. Because dung beetles mainly consume the nutrients present in dung water content ( [@R4] ), loss of water reduces dung quality. Furthermore, drought reduces the abundance of mammals in the environment, thereby reducing the availability of resources ( [@R16] ). A dung beetle community also is directly influenced by high insolation and temperatures, factors that the beetles must adapt to during an invasion of arid areas ( [@R14] ). Most dung beetles of the Neotropical region cannot easily tolerate these conditions because of the negative effect of open area microclimatic condi-conditions (e.g., temperature) on adult and larvae survival ( [@R22] ). The aim of this study, therefore, was to test the hypothesis that environmental seasonality drives changes in the species richness and composition of the Scarabaeinae community in a Brazilian tropical dry forest.

Materials and Methods
=====================

The study area was a 15,000 m fragment of Arboreal Caatinga (12°53\'S 39°51\'W), located in the eastern section of the Caatinga biome. The entire area is threatened by human activity and is classified as a high priority for conservation and in need of restoration (Velloso et al. 2002). It is located at the top of a 600 m slope and, as with most Caatinga, has a canopy height of 3-4 m with dense and shrubby understory vegetation. This fragment falls within a region with many inselbergs, surrounded by a matrix of pastures and shrubby Caatinga used for livestock activities. During the sampling period, the average temperature and precipitation were 24.8°C and 152.65 mm, respectively ( [@R19] ).

Sampling
--------

Dung beetles were sampled using baited pitfall traps made from a plastic bin with a diameter of 14 cm and a depth of 10 cm. To avoid an edge effect, we set up a grid in the middle of the fragment at a minimum distance of 30 m from the border. The grid was arranged in rows of 4 × 4, evenly interspersed at a distance of 25 m, providing 16 sampling points. Each sampling point had four pitfalls placed at a distance of 2 m, which were baited with 25 mL of human dung, carrion (bovine spleen decayed for two days), cow dung, and rotten bananas, to maximize the sampling of specimens due to different feeding habits. The traps remained in the field for 48 h, after which they were emptied. This protocol was applied in the early dry season (EDS), late dry season (LDS), early wet season (EWS), and middle wet season (MWS), in July and October 2010 and January and April 2011, respectively ( [Fig. 1](#f1){ref-type="fig"} ). Dung beetles were identified using a key for genera ( [@R40] ) and making comparisons with specimens of identified species in the Johan Becker entomological collection of the Museum of Zoology of the State University of Feira de Santana (Museu de Zoologia da UEFS: MZFS), and by consulting specialists.
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Statistical analysis
--------------------

Individual-based rarefaction curves were constructed to compare observed species richness (Sobs) between seasons, avoiding the effects of individual abundance on results, because of the tendency for more individuals to be active during rainy seasons. We also calculated the nonparametric richness estimator Jackknife 2 with 100 randomizations to evaluate the completeness of the sampling effort and compared expected species richness between seasons when rarefaction curves did not reach an asymptote. These analyses were conducted using the EstimateS 8.2 package ( [@R7] ).

The dung beetle community between seasons also was compared through a visual inspection of rank-dominance curves with species relative abundance. Variations in species composition between seasons were tested using non-metric multidimensional scaling (NMDS) with 30 restarts, and abundance data were square root transformed before creating a resemblance matrix creation, using the Bray--Curtis dissimilarity index. The species composition patterns found using NMDS were validated through a one-way ANOSIM with 50,000 permutations, using Primer 6.0 ( [@R6] ) software.

Results
=======

A total of 1,352 Scarabaeinae individuals were collected, belonging to 15 species and 8 genera ( [Table 1](#t1){ref-type="table"} ). *Dichotomius* aff. *laevicollis* Felsche (Coleoptera: Scarabaeidae) was the most abundant species, representing 73.89% of total individuals, followed by *Canthon rutilans* Laporte with 14.35%. Other species were each responsible for less than 5% of relative abundance. Species typical of Brazilian tropical dry forests, such as *Deltochilum verruciferum* Felsche and *Coprophanaeus pertyi* Olsoufieff (Caatinga) were recorded. However, species previously only recorded in Atlantic forest also were found, such as *Canton stage* Pereira and *Canthidium* sp 2. The rank dominance curves for the four sampling seasons were very similar ( [Fig. 2](#f2){ref-type="fig"} ), although there was an increase in the abundance of *Canthon rutilans* in the late dry season.
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Species of dung beetle with abundance and size-class (small ≤ 1.0 cm, large \> 1.0 cm), sampled from arboreal Caatinga during four sampling periods: early dry season (EDS), late dry season (LDS), early wet season (EWS), and middle wet season (MWS).
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The rarefaction curve did not reach an asymptote ( [Fig. 3](#f3){ref-type="fig"} ), and the total richness estimated by Jackknife 2 was 20, indicating sampling effort completeness of 75%. The MWS may interfere with curve behavior for the entire area because the percentage of species richness sampled for EDS, LDS, and EWS ranged from 77.86 to 83.4%, and in the MWS, only 50.09% of the estimated species were sampled. Observed species richness by season was 7 for EDS, 9 for LDS, 10 for EWS, and 11 for MWS. A comparison of rarefaction curves between seasons ( [Fig. 4](#f4){ref-type="fig"} ) reveals statistical differences that indicate small but significant changes in species richness (rarefaction curves results: 6.8 ± 0.35 (EDS); 8.84 ± 0.29 (LDS); 10 ± 0.01 (EWS); 10.33 ± 4.82 (MWS)). Although MWS had the highest richness, this was not different from the other seasons, because the richness curve did not reach an asymptotic value, meaning that any comparisons of observed richness remain inconclusive.
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Comparison between estimated richness of Jackknife 2 shows that MWS had the highest richness, followed by EWS and then the dry seasons (EDS and LDS), which had lower richness, although there were no differences between the dry seasons (estimated richness results: 8.4 ± 0,14; 9.98 ± 0.19; 11.99 ± 0.01; 20.44 ± 0.30, respectively). This higher Jackknife 2 estimation value was related to an increase in the proportion of singletons and doubletons, which may be associated with the beginning of species emerging as a consequence of rain.

Composition differences in the community structure were found via NMDS ( [Fig. 5](#f5){ref-type="fig"} ), with clear differences between the early wet and other seasons, which is sustained by ANOSIM ( *P* \< 0.05). All seasons had pairwise differences in species composition (R \>0.2), ranging from 0.214 between EDS and EWS to 0.305 between EDS and LDS; the only exception was EDS, which did not differ from MWS.
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Discussion
==========

The dung beetle species richness found in this study is low compared with those found in tropical rainforest communities ( [@R22] \[55 spp.\], [@R1] \[59 spp.\], [@R18] \[39 spp.\], [@R27] \[27 spp.\]), but similar to the richness found in other Caatingas ( [@R16] \[20 spp.\], [@R17] \[20 spp.\], [@R29] \[16 spp.\]) and other tropical dry forests ( [@R8] \[22 spp.\]; [@R2] \[15 spp.\], [@R3] \[15 spp.\], [@R25] \[13 spp.\]), all in Neotropical regions. Other biodiversity studies in tropical dry forests have manifested different numbers of species ( [@R28] \[4 spp.\], [@R33] \[32 spp.\]). Even given the sampling differences (number of pitfalls, type and number of baits used, number of areas sampled, and fragment size), our study presents with high richness. This is surprising because of the small size of the fragment, the fact that it does not fall within a conservation area, and it is surrounded by areas used for livestock breeding.

*Dichotomius nisus* Olivier and *Ontherus ulcopygus* Génier were exclusively collected in LDS; the former is typical of open areas ( [@R30] ) and may use the fragment as a refuge from the driest conditions. Two species were caught exclusively in EWS *(Canthidium* sp 2 and *Ateuchus* sp 5) and were found in banana traps, which may be related to the beginning of fruit availability in the environment; two species were caught exclusively in MWS *(Coprophanaeus pertyi* Olsoufieff and *Ateuchus* sp 4).

There was no modification in the format of rank dominance curves as a consequence of the change from the dry to wet season and only a small increase in species richness in wetter conditions. The general shape of all the curves demonstrates a pattern of communities with the strong dominance of one species. Dung beetle communities with such patterns are common in disturbed environments and areas with a marked dry season ( [@R2] ), and this may also be regarded as an indication either that the majority of Neotropical dung beetle species do not tolerate the adverse environmental conditions of tropical dry forests or that their population sizes are greatly reduced because of the small size of mammal populations.

It is interesting to note, however, that the dominant species in our study belongs to a group of species typical of rainforests ( [@R38] ), despite being recorded in Caatinga ( [@R25] ). Because the dung beetles of the Neotropical region have an evolutionary history closely related to tropical rain forests and are sensitive to the reduction in tree cover and its consequences (insolation, temperature and rain) ( [@R12] ), one would not expect to find this species in a tropical dry forest, or at the least not as the dominant species.

Denser and continuous forest canopies allow more stable microclimatic conditions at ground level, so that open areas, such as pastures, have microclimatic characteristics different, in both mean values and variability, from those in forest areas ( [@R22] ). It is therefore expected that more closed Caatinga formations would more closely resemble the latter rather than the former, thereby enhancing occupation by rainforest species. This has been observed in a Caatinga forest located on the slope of a hill and in a "brejo nordestino", which is a rainforest relict surrounded by more arid areas. Such locations may have characteristics more favorable to dung beetles, with higher richness \[28 spp.\] compared with other Caatinga dung beetle communities and with records of dung beetle species in Atlantic forests ( [@R37] ). Given that the area sampled in this study is located on the southwestern border of the Caatinga biome near other more humid biomes, such as Atlantic forest, its occupation by rainforest species is only possible if the arboreal structure of this and other arboreal Caatingas function as a climatic and vegetation refuge from the dryer conditions of nearby shrubby Caatingas and pastures for mammals and Scarabaeinae.

Although there was an increase in estimated dung beetle richness as the habitat got wetter, the differences we found in estimated richness between the wet and dry seasons were small. This was radically different from other studies, which found reductions of more than 76% in species richness and where species with greater body lengths were more prone to cease activities in the dry season ( [@R20] , [@R2] , [@R33] , [@R25] ), with the single exception of one study, which manifested more species in the dry season ( [@R8] ).

The low intensity of changes in tree coverage that occurred during our study probably resulted in minor microclimatic changes in solar radiation, humidity, and temperature across seasons; had these changes been more intense they would have had a negative effect on dung beetle species richness ( [@R13] , [@R22] , [@R26] ). Furthermore, the soil in this fragment did not manifest any signs of compaction and dryness (personal observations) that could hinder dung beetle excavation ( [@R20] ). These aspects may help explain the slight changes in species richness. This region has inselbergs and associated Caatinga formations that tend to be more humid and contain leaf litter ( [@R36] ), thus allowing more species and individuals to be active during the dry seasons.

On the other hand, changes in dung beetle composition elsewhere have been related to variations in tree coverage ( [@R12] ), so that small changes in the dung beetle community are more detectable in species composition than in species richness. This difference was detectable in all comparisons between sampling seasons, with the exception of pairwise comparisons between EDS and MWS. Because there were no differences between these, probably because of only small changes in the canopy of this plant formation, it is possible that more than three months of drought are required to trigger changes in species composition from the end of the wet season to the beginning of the dry season. These are rather speculative results, however, because EDS was not sampled following MWS.

Caatinga possesses a plant community that is typically xerophytic ( [@R35] ), with various strategies for saving water, such as succulence and deciduousness. Rain seasonality regulates Caatingas' phenology, but irregularity of rainfall may also affect the plant community's response. If the rainfall during the rainy season is higher than normal, changes in seed production ( [@R39] ) and loss of leaves (and the resulting maintenance of canopy continuity) may affect the fauna. The effect of small changes in microclimatic conditions may allow the survival of species that would otherwise disappear and the maintenance of a certain rainforest species as its dominant species. The small but significant rise in species richness as the wet season begins is expected and may be the result of reproductive cycles, which are triggered by the detection of higher humidity in the soil.

Although to a lesser extent than in other tropical dry forests, the dung beetle community in this fragment responded to rainfall in relationship to species richness and composition. Given that this fragment is located close to the frontier between Caatinga and Atlantic forest domains, further studies focusing on faunistic composition similarity and the migration of species between these two formations could answer some of the questions presented here and also the effect of distance between Caatinga and Atlantic Forest on species richness and composition.
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